Objective: This study aimed to evaluate the incidence of pulmonary embolism (PE) and tomographic findings in patients who underwent multislice computed tomography (MSCT) for suspected PE in the emergency department.
INTRODUCTION
Pulmonary embolism (PE) has a high morbidity and mortality, especially in elderly patients with comorbid conditions that are not diagnosis and treatment. In contrast, mortality can be reduced in cases accurately diagnosed and treated with appropriate prophylactic and therapeutic agents (1, 2) . Signs and symptoms of PE are not disease-specific, but rather they can mimic a wide spectrum of disorders (3) . The risk stratifying tools, D-dimer, chest radiography, electrocardiography, and arterial blood gases are helpful for the assessment of patients with suspected PE in emergency departments (EDs). However, they are also not sufficient for a definitive diagnosis (4, 5) .
Multislice computed tomography (MSCT) is a minimally invasive, rapid diagnostic tool that can provide unexpected alternative diagnoses in patients with respiratory symptoms (6, 7) . In many EDs, contrast enhanced MSCT is mostly used as the radiologic procedure in the diagnosis of PE. Many studies have shown that MSCT has a high diagnostic performance for PE, having a sensitivity of 83-100% and a specificity of 89-97% (1) (2) (3) 8, 9) . Currently, MSCT devices enable scanning large areas in a very short period of time with quite thin slice thickness, and high quality multiplanar reconstruction of images, thus allow the detection of smaller filling defects even in the segmental and subsegmental pulmonary arteries (PAs) (9, 10) . It has been reported that compared to other imaging modalities used in PE, MSCT 4 can also show parenchymal, mediastinal, cardiac, pleural, thoracic wall, and upper abdominal organ pathologies in addition to pulmonary vascular abnormalities. This provides an important advantage in the differential diagnoses (6, 11, 12) .
Contrast enhanced MSCT has recently become the most widely employed imaging method in patients presenting to the ED with suspected PE. However, there is little literature on PE incidence by MSCT imaging in our country. This study was conducted to analyze the incidence of PE and of other findings detected in patients who underwent MSCT for suspected PE in the ED.
MATERIALS AND METHOD
In this study, we evaluated the patients who had suspicion of PE with contrast enhanced CT scanning. We aimed to determine the frequency of patients with PE and without PE, identify and compare the findings of MSCT in patients with PE and without PE, evaluate the frequency and alternative last diagnoses in patients without PE, and indicate the frequency and anatomical localization of clot in patients with PE.
Study Design and data collection
At our institution, contrast enhanced MSCT is currently the imaging modality of choice for clinically suspected PE in ED. Our study was a retrospective, descriptive study that assessed the radiologic and clinical data of patients undergoing MSCT for suspected PE on the basis of clinical presentation in the ED. Between October 2010 and March 2012, medical records of 212 cases undergoing MSCT for suspected PE were assessed using Hospital Information System (HIS) (Nucleus v9.8.52, Monad Software and Counseling, Turkey). There are a few exclusion criteria for our study. We did not included other PE cases who were detected with different imaging or evaluation (clinical, scintigraphy, echocardiography or Doppler USG, etc.) but did not undergo a MSCT. The patients who had allergy to contrast media, renal failure or increased serum creatinine, high body mass index and pregnancy were excluded from the study. In addition, eleven patients who had missing data and inadequate image quality were not included in the analysis for the study. Two hundred and one cases who were 18 years old or older were included for the final analysis.
Institutional Ethics Committee approval was obtained for the study. First admission of the patients over a period of 16 months was taken into account. Age, sex, admission symptoms, risk factors (surgical operation within last 45-90 days, immobilization, previous thromboembolism, active malignancy, etc.), and MSCT results (findings) were recorded. The last diagnosis assigned to each patient was determined. At the end of the entire diagnostic work up, the alternative and last diagnoses in cases without PE were achieved by a combination of clinical, laboratory analysis, other diagnostic tests. After adequate imaging and clinical consultation to other divisions, according to the findings of MSCT we found the last diagnosis.
CT imaging protocol and interpretation
MSCT was performed with a 64-detector CT device (Aquillion, Toshiba, Japan) during a single breath-hold. Contrast material was administered automatically with an automatic CT injector (Medtron, Medtron AG, Germany). Bolus-tracking software of the equipment with a trigger threshold of 150 HU at the level of main PA was used to determine the scan delay. The contrast protocol was standardized in all patients. All patients were administered 100 ml of nonionic contrast material at a rate of 4-5 ml/sec via forearm veins.
The radiologists evaluated all MSCT images in standard window and level settings. CT images and examination reports were retrospectively assessed on Picture Archiving and Communication System (PACS) Workstations and HIS, respectively. For MSCT findings undergoing in the ED during the study periods, we documented all findings noted in the final radiology reports that were entered into the medical record and signed by an attending radiologist. PA and its branches were evaluated in the arterial phase for the presence of PE Multislice Computed Tomography in the Emergency Department 6 and the findings were interpreted by radiologists. For the diagnosis PE, the following criteria were utilized, based on published methods when analyzing the imaging data:
1. A filling defect that completely fills and dilates the artery 2. Intraluminal hypodense filling defect with peripheral contrast 3. A peripherally located intraluminal hypodense filling defect forming a narrow angle with the arterial wall (9, 13, 14) .
Presence of vascular signs in the main PA, right and left PA, lobar, segmental, and, if visible, subsegmental branches were assessed in cases diagnosed with PE. In addition, pulmonary parenchymal, pleural, mediastinal, and cardiovascular, thoracic wall/musculoskeletal, and upper abdominal findings were also looked for and recorded on the basis of the radiological report in all cases (with PE and without PE).
Statistical Analysis
Shapiro Wilk test was used to test normality of age distribution in patients with and without PE, and the age distribution was found to be normal. Categorical variables were expressed as frequency and percentage and continuous variables as mean±standard deviation, and minimum-maximum. Significance of the difference between means of two groups was analyzed with Student's t test depending on the normality of data distribution. Categorical variables were analyzed with Chi Square test and comparisons of two ratios were performed with z test. Statistical analyses were completed with SPSS v. 11.5.0 and MedCalc®v11.0.1 software packages. A p value less than 0.05 was considered statistically significant for all statistical calculations.
RESULTS

Clinical datas of study and incidence of PE
Among 201 patients enrolled in our study, 97 were male and 104 were female. The age range was 18-98 years and the mean age was 62.5±17.9 years. Forty-nine (24.4%) cases had PE, while 152 (75.6%) patients did not have PE. Of those with PE, 27 (55.3%) were male and 22 (44.7%) were female. The most common symptoms were dyspnea and chest pain. There was no significant difference between PE and without PE group with respect to mean age, sex and presenting symptoms (p>0.05). In patients with PE, the most common risk factor was immobilization (n=56, 27.8%). The other risk factors in descending order were malignancy (n=38, 19%), previous thromboembolism (n=20, 10%) and recent major surgery (n=19, 10%). Among the risk factors, only recent major surgery was found to be significantly different between PE and without PE groups (odds ratio, 3.195; 95% confidence interval, 1.215-8.399). A previous surgery constituted three times more risk for an episode of PE (p=0.021) ( Table 1) .
Distribution of thrombus location in the PA system
Based on the radiology reports, a thrombus (filling defect) was detected in the main PA in 15 (30.6%) cases and in the right PA in 12 (24.4%) cases. The distribution of thrombus location in the pulmonary arterial system is shown in Figure 1 . 
MSCT findings in patients with PE and without PE
Overall, 18.9% of the patients were reported to be totally normal. Pulmonary parenchymal, pleural, mediastinal, cardiovascular, thoracic wall, musculoskeletal and upper abdominal findings in MSCT were compared between PE and without PE groups. The most prominent pathologies were atelectasis (44.9% in PE group and 29% in non-PE group), infiltration/consolidation (24.5% PE group and 27% in non-PE group) (Figure 4) , and pleural Furthermore, incidental pathologies like pleural and pericardial effusion, consolidation, pulmonary edema, aortic aneurysm and dissection, hemopneumothorax, mass lesion, perforation, biliary stones and hepatic cyst were noted in MSCT performed for suspected PE ( Table 2 ). Of the ancillary findings, only linear atelectasis had a statistically significantly difference between PE and without PE groups (odds ratio, 5.680; 95% confidence interval, 2.507-12.872) (p<0.001).
Alternative and last diagnoses identified in patients with and without PE
Thirty nine patients were diagnosed solely with PE. Along with PE, 2 patients were diagnosed with acute coronary syndrome, 7 with pneumonia, and 1 with pericarditis. Among 152 patients without PE, 114 patients were diagnosed to have different disorders, while 38 patients (25%) remained totally normal. Fifty (32.9%) patients were diagnosed with pneumonia and 23 (15.2%) with pulmonary edema. Table 3 summarizes the last diagnoses in PE and without PE groups.
DISCUSSION
We could not draw a significant relationship between PE probability, clinical signs and symptoms, sex and mean age. In some studies demonstrated that PE incidence was not affected by age or gender in patients who underwent MSCT for suspected PE (8, 14) . There is plenty of literature on PE risk factors (immobilization, history of thrombophlebitis, malignancy and previous surgery). Sen et al. reported that recent surgery was a major risk factor with a rate of 27.3% (15) . In our study, previous surgery was found to be the only significant risk factor. A previous surgery conferred 3-times more risk for PE. This is possibly due to inadequate intake of anticoagulant therapy. Since our study was retrospectively designed, we did not access adequate information about anticoagulant therapy. Many clinical studies have revealed that 9.4%-40% of patients undergoing MSCT for suspected PE are diagnosed to have PE, while a substantial number of patients are found to have some other pathologies (5, 8, 9) . In two recent study, 20.2% (66/327) and 21.2% (280/1321) patients were diagnosed to have PE, respectively (14, 16) . PE incidence of 24.3% found in our study was concordant with the previous literature (especially European incidence of PE on CT) (5, 14, 16, 17) . This is lower in American data (%8-10) (7, 12) .
MSCT, which is currently accepted as the gold standard imaging modality for the diagnosis of PE, can show the thrombus and anatomic location. This has relevance to catheter directed therapies and implications for use with Interventional Radiology. The most common locations of thrombi in our patients with PE were the main PA (30.6%) and right PA (24.4%). MSCT allows detection of intraluminal thromboembolic filling defects, parenchymal infarction, vascular remodeling, pleural effusion, and oligemia (5, 20, 21) . In a retrospective study by Groth et al. (14) , additional pathologic findings detected by CTPA for suspected PE were examined in 1353 patients. The most common additional pathologic findings were pleural effusion 21.9% (296/1353), pneumonia 18.6% (251/1353) and pulmonary nodule/mass, 7.2% (110/1353). Another study reported that the most common findings in patients without PE were infiltration/consolidation (15.1%), atelectasis (13.5%), and pleural effusion (13.1%) (22) . In our study, additional parenchymal abnormalities were detected in 43 (87.7%) of PE positive cases and 124 (81.5%) of PE negative cases. While the most common findings in our overall study population were atelectasis and consolidation, pleural effusion was the most noteworthy sign among pleural findings. Coche et al. assessed parenchymal and pleural findings in 88 cases suspected for PE and reported a significant cooccurrence of pleura-based, wedge-shaped consolidation and linear atelectasis with PE (23). (13) . In a similar study, 154 (78.2%) of 197 cases found to have no PE, but had other pathologies related to lungs, mediastinal structures, thoracic wall, and upper abdominal organs. Again, that study reported findings that were both related to patient's signs and symptoms (62.5%) and were only incidental pathologies (37.5%). MSCT could not detect any abnormality in 43 (21.8%) cases (22) . Richman et al. researched 1025 patients who had suspected PE and found that 104 patients had PE and 921 patients had no PE. In the diagnostic analysis of 921 patients who had no PE; 17 % of them had significant mortality and morbidity findings, 17 % of them had no specific finding, and 41 of them had no ancillary findings. In the same study, the most common life-threatening findings included infiltrate or consolidation suggesting pneumonia, aortic aneurysm/dissection, and mass (7). In our study, MSCT revealed many incidental findings and miscellaneous diagnoses other than PE were recorded. While 38 (19%) of 201 patients had no pathology, 114 (56.7%) were diagnosed with conditions that explain their symptomatology consistent with PE. Furthermore, additional pathologies concurrent with PE were also detected. Our results are in general consistent with the literature and pleural effusion and pneumonia were the most common diagnoses in PE negative cases.
Our study has several limitations. First, this was a retrospective, descriptive study and the collection of data may have caused some unintended bias in patient selection. The incidence of such findings can also be affected by study population demographics. However, we were reliant on the clinical records for our evaluation of clinical decision-making. Second, our study was performed at a single and large tertiary hospital and therefore our findings do not necessarily reflect practice elsewhere. Third, distribution of MSCT additional findings in patients with and without PE is based on the radiological reports. Nevertheless, many findings (such as effusion, atelectasis, infiltrate or consolidation, pneumothorax, nodule and masss) are diagnosed with contrast-enhanced MSCT. Lastly, only ED patients undergoing Multislice Computed Tomography in the Emergency Department
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MSCT for suspected PE were enrolled in this study. We did not included other PE cases who were detected with different imaging or evaluation (clinical, scintigraphy, echocardiography or Doppler USG, etc.) but did not undergo a MSCT.
In conclusion, our study shows the condition using 64-MSCT in patients suspected of having PE based on clinical presentation. Contrast enhanced MSCT can principally be used to confirm or exclude PE in patients presenting to the ED with suspected PE. PE incidence was 24.3% in our study. MSCT also may provide findings suggesting additional information explaining patient symptoms and signs to make an alternative diagnosis in patients who were negative for PE. In our study, although atelectasis, consolidation, and pleural effusion among parenchymal findings are most common, the only significant findings were "linear atelectasis.
This finding, however, is not an emergency and specific condition. Contrast enhanced MSCT can define the anatomic location of clot in patients with PE and this may be important in the interventional direction for therapy (catheter based strategies and thrombolysis techniques).
Considering the largely varied results reported in the literature, it is necessary to conduct large-scale prospective multicenter studies in future for our country. 
